INTRODUCTION
Patients with malignant lymphoma, especially Hodgkin's disease and histiocytic lymphoma, commonly develop fever (1, 2) . Because no infectious agent can be implicated in such fevers it is likely that in some patients the febrile response is caused by the underlying malignant lymphoma. Tumor-associated fever in man, like those studied in animal models, may result from the action of endogenous pyrogen (EP),' a small protein that acts on the temperature regulating neurons in the hypothalamus (3) (4) (5) . Although tissues from several f Deceased, 2 July 1978. Received for publication 13 July 1979 and in revised form 20 September 1979. 'Abbreviations used in this paper: EP, endogenous pyrogen; PF, pyrogen-free.
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human tumors, including Hodgkin's disease, have been shown to contain or release EP when studied in vitro (6) (7) (8) , there is no information as to whether host leukocytes, tumor cells, or both are responsible for the pyrogen production. We report here the apparently spontaneous and continuous in vitro production of EP from established cell culture lines derived from histiocytic lymphoma and Hodgkin's disease tumors. U-937 cells were derived from the pleural fluid of a patient with histiocytic lymphoma and express reliable monocyte characteristics (9, 10) . The Hodgkin's disease tissue culture (RY cell line) was prepared from tumors in the spleen and maintained as an established cell line related to, and possibly derived from, cells of the monocyte-macrophage system (11) .
METHODS
Cell cultures. The U-937 line was derived from the pleural effusion of a patient with generalized diffuse histiocytic lymphoma as described (9, 10) . Its characteristics include NaF-inhibitable a-napthol-AS-D-esterase, surface receptors for immunoglobulin (Ig)G and complement, phagocytic capacity for Candida and formalin-fixed Staphylococcus aureus, lysozyme synthesis and secretion, and absence of detectable Epstein-Barr virus genome. Although initially the line required a feeder layer for growth, it now grows as nonadherent cells in flasks, with RPMI 1640 medium and 10% fetal bovine serum.
The Hodgkin's disease culture line was prepared from tumor nodules in a spleen removed at staging laparotomy (12, 13) . Methods of preparation and maintenance of long-term Hodgkin's disease monolayers, and descriptions ofthe morphology, cytogenetic, cell surface, enzymatic, and ultrastructural features of the cultured cell have been reported (11, 12, 14) . The Hodgkin's disease monolayer used in this study (RY cell line) has been carried in continuous cultures for >3 yr, contains aneuploid chromosomes, and produces malignant tumors when transplanted into nude mice (13) . The cultured cells contain lysozyme and a-naphthol acetate esterase, are devoid of surface receptors for complement or the Fc portion of immunoglobulin, and are phagocytic for carbonyl iron and india ink but not for antibody-coated erythrocytes (11, 12) . The Hodgkin's disease monolayer was maintained in Dulbecco's modified minimal essential medium with 15% cobalt-irradiated fetal bovine serum (Microbiological Associates, Walkersville, Md.).
Pyrogen assay. U-937 cells in exponential growth were washed three times with pyrogen-free (PF) RPMI medium and suspended at 5 x 105/ml in PF growth media, consisting ofRPMI medium with 10% PF fetal bovine serum (Flow Laboratories, Inc., Rockville, Md.). After incubation for 36-48 h, when the cell concentration reached 1-1.8 x 106/ml, medium was removed using PF equipment, centrifuged at 1,000 g for 10 min and frozen at -60°C until assay. Pyrogen assay was carried out in mice, as described (15, 16) . The Hodgkin's disease monolayer was dispersed with trypsin, washed three times with PF growth medium, and 2 x 106 cells planted in 75 cm2 plastic flasks (Falcon Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.) with 10 ml PF RPMI medium with 10% PF fetal bovine serum. After incubation for 40 h medium was removed, centrifuged at 1,000 g for 10 min, frozen at -60'C, and assayed for endogenous pyrogen in mice.
Preparation of antisera against partially purified human EP. Details of this procedure have been reported (17, 18) . Briefly, EP-containing supernates from human blood leukocytes were concentrated and mixed with rabbit serum that contained antibodies to leukocyte products not including EP. After removal of the precipitate, rabbits were repeatedly immunized at monthly intervals with the remaining supernate mixed with incomplete Freund's adjuvant. Less than 0.05 ml of the final antisera neutralized one rabbit dose of human EP. Details for incubation of supemates with antisera before pyrogen assay are given elsewhere (18) .
Heat and pronase incubation. Pyrogenic supernates were heated at 56°C for 1 h or incubated with 1 mg/ml pyrogen-free pronase before assay in mice, as described (15) .
RESULTS
U-937 cells were incubated in pyrogen-free culture media for 36-48 h and the supemate from the flasks tested in mice for pyrogenic activity. The results of a representative experiment are shown in Fig. 1 . The supernate produced a prompt febrile response in mice, unlike control medium that had not been incubated with cells. The shape of the fever curve resembles that produced by injection of other EP in mice (9, 12, 15, 18) , including culture supernates containing pyrogens from mouse macrophage tumor cells (19 cellular pyrogen. However, it is possible that pyrogen is present within the cell, but is destroyed by intracellular components, such as proteolytic enzymes, that are also released during the freeze-thawing process. When pyrogenic supernates were combined with extracts from freeze-thawed cells, no alteration of pyrogenicity was noted upon testing of the material. Thus, pyrogen appears to be produced and released during growth, not stored in detectable form.
To further characterize the pyrogen present in medium from these cultures, we incubated the supernates with normal rabbit serum and rabbit serum containing antibody against partially purified human leukocyte pyrogen. As shown in Table I , this antibodycontaining serum inactivates pyrogens produced by human blood leukocytes, but has no effect on pyrogens produced by rabbit blood leukocytes, mouse peritoneal macrophages, or a tissue culture line of mouse macrophage tumor cells. As shown in Figs. 3 and 4, incubation of media from the U-937 and the Hodgkin's disease cultures with the antibody-containing serum, but not normal rabbit serum, markedly reduced pyrogenicity of the supernatant medium. These results indicate that the pyrogens released by these cultured cells have a close antigenic relationship to pyrogens produced by other human leukocytes.
We also treated pyrogenic supernates from U-937 and Hodgkin's disease cultured cells with pronase to establish their similarity to other EP that have essential protein moieties (5, 8, 15, 19) . As shown in Figs. 3 and 4, pronase treatment inactivated the pyrogenicity ofthe culture supernates. These results indicate that pyrogen produced by both cell lines contains a protein essential for pyrogen activity. Moreover, it clearly differentiates the pyrogen from endotoxin, which does not lose pyrogenicity after incubation with pronase (20) . gen release has been documented from lymphoid tissue incubated in vitro from patients with Hodgkin's disease (6, 7) and the presence (21) and release (8) of pyrogen from renal cell carcinoma tissue has been reported. In all such cases, however, both host leukocytes and tumor cells have been present in the tissues, and no distinction could be made as to which cell type or types were responsible for the EP production. Recently, several mouse macrophage tumor cell lines were reported to release pyrogen during in vitro culture in pyrogen-free fetal bovine serum, whereas no pyrogen was detected in supernates from human fibroblasts, HeLa cells (16) , hepatoma or renal cell carcinoma cell lines (19) . Because it appears that of nonmalignant cells, only bone marrow-derived phagocytic cells have the capacity for normal pyrogen production and release after stimulation (16), we decided to study two macrophage-related tumor cell lines of human origin. Our DISCUSSION Tumor-associated fever has been recognized for many years, but its pathogenesis has remained obscure. Pyro- 4 Average peak temperature elevations of mice injected with Hodgkin's disease culture medium treated with antiserum to human leukocyte pyrogen (anti-EP serum), normal rabbit serum (NRS), heat (56°C), and pronase. 2.7 ml of culture medium was incubated with 0. (11, 12, 14) . However, the Hodgkin's disease cultures cannot be regarded as unequivocally of macrophage origin as has been convincingly shown for the U-937 histiocytic lymphoma cell line (9, 10 (22) . Two larger pyrogenic species are also present, however; one is about 28,000 mol wt, and the other 60,000 mol wt, essentially at the exclusion volume of the G-75 column (unpublished data). Previous studies describe the existence and pyrogenicity of a larger molecular weight human leukocyte pyrogen (22) . However, subsequent work shows trimerization of the 15,000-dalton larger molecular weight human leukocvte pyrogen into a 45,000-dalton molecule (23, 24) .
We have shown that incubation with S. albuis as a phagocytic stimulus induces the production of pyrogen by normal human, rabbit and mouse monionuclear phagocytes (3, 15, 16, 20) , and augments production by mouse macrophage tumor cell linies (19) . Similar incubations with U-937 showed no effect on pyrogen levels (not shown), consistent with their verv low capacity for phagocytosis (9) . The continuous production and secretion of this material by human and murine tumor lines in the apparent absence of a stimulus and the elaboration of unusually large pyrogenic molecules suggest that these cells possess altered mechanisms for EP production and release compared to those that exist in normal macrophages.
The demonstration that cell lines of Hodgkin's disease and human histiocytic lymphoma continuously release pyrogen during in vitro growth suggests that tumor-associated fever in some patients with lymphomas may be caused by pyrogen production and release by the proliferating neoplastic cells. Because not all patients with these diseases have fever, nor is fever present at all times, many factors relating to site and rate of EP production and destruction probably determine the final in vivo response.
